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S1. General Experimental
All reagents used were purchased from Sigma-Aldrich, Fluka and used without purification.
DNA phosphoramidite monomers, solid supports and additional reagents were purchased from Sigma-Aldrich or Glen Research. Dichloromethane (DCM), N,N-diisopropylethylamine (DIPEA), N,N-dimethylformamide (DMF) and pyridine were dried over activated molecular sieve (3 Å, 8-12 mesh) and their dryness was determined on Karl Fischer titrator (< 15 ppm).
All reactions were carried out under nitrogen or argon atmosphere using glassware that had been dried at 120 ˚C overnight. Column chromatography was carried out under pressure Scheme S1. Reagents and conditions: (i) Fmoc-OSu, DIPEA, pyridine, RT, 12 h, 88%; (ii) 2, HATU, DIPEA, DMF, RT, 1 h, 84%; (iii) bis(diisopropylamino)(2-cyanoethoxy)phosphine, diisopropylammonium tetrazolide, DCM, 18 h, RT, 67%.
3-[1-N-(4-N-Fluorenylmethyloxycarbonyl)piperazino]propionic acid (2)
3-(1-N-Piperazinyl)-propionic acid (0.304 g, 1.92 mmol) was suspended in anhydrous pyridine (10 mL) and N,N-diisopropylethylamine (0.67 mL, 3.85 mmol) was added. To this Fmoc-OSu (0.906 g, 2.84 mmol, dissolved in 2 mL anhydrous pyridine) was added dropwise.
The resulting mixture was stirred at room temperature for 16 h. After most of the solvents was removed in vacuo, the residue was partitioned between DCM (50 mL) and water (30 mL).
The organic layer was separated and washed with water (3 × 30 mL), brine (50 mL), then dried (on sodium sulfate), filtered and the solvent removed in vacuo to give a white foam (0.642 g, 88%) upon purification by silica gel column chromatography (3.2% methanol in 
S3. Oligonucleotide synthesis, purification and analysis
Oligonucleotide Concentrations of purified oligonucleotides were determined by UV at 260 nm, assuming identical molar absorptivities for T, amino-LNA-T and PipLNA-T nucleotides.
S4. Ultraviolet duplex melting studies
The representative UV absorption curves of synthetic oligonucleotides are shown in Figure   S6 , Figure S7 , Figure S8 , Figure S9 , Figure S10 and Figure S11 . All the duplex melting curves were recorded at 260 nm.
To determine duplex melting temperatures (T m ), UV melting studies were carried out on a Perkin Elmer Lambda 35 UV/Vis Spectrometer using Hellma SUPRASIL synthetic quartz 10 mm path length cuvettes, monitoring at 260 nm with a complementary DNA/RNA strand concentration of 2.5 μM and a volume of 1.0 mL. Samples were prepared as follows: The modified sequences and their corresponding complementary strand were mixed in a 1:1 ratio in 2 mL Eppendorf tubes before medium salt buffer (2 times, 11.7 mM sodium phosphate, 200 mM NaCl, 0.20 mM EDTA, pH 7.0, 500 µL) was added, which was completed in 1.0 mL using Milli-Q water. Thus, all oligonucleotide samples were dissolved in 1× buffer condition (5.8 mM sodium phosphate, 100 mM NaCl and 0.10 mM EDTA). The samples were denatured by heating to 90 ˚C in water-bath followed by slowly cooling to room temperature before they were transferred into the cuvettes. UV absorbance at 260 nm as a function of time was recorded while the temperature was increased linearly from 10 °C to 75
°C at a rate of 1.0 °C/min programmed by a Peltier temperature controller. Two separate melting curves were measured and T m values were calculated using UV-WinLab software, taking an average of the two melting curves with a deviation no more than 0.5 °C.
S5. Ultraviolet triplex melting studies
The UV-scan curves of duplex and triplex are shown in Figure S3 . 270 nm were used in the triplex UV-melting studies ( Figure S12 ).
To determine triplex melting temperatures (T m ), UV melting studies were carried out on a Perkin Elmer Lambda 35 UV/Vis Spectrometer using Hellma SUPRASIL synthetic quartz 10 mm path length cuvettes, monitoring at 270 nm with a DNA duplex concentration of 1.0 µM and a volume of 1.0 mL. Samples were prepared as follows: The third strand and the duplex were mixed in a 1.5:1 ratio in 2 mL Eppendorf tubes before cacodylate buffer (2 times, 20 mM sodium cacodylate, 300 mM NaCl, 20 mM MgCl 2 , pH 6.0 or 7.0, 500 µL) was added, which was completed in 1.0 mL using Milli-Q water. Thus, all oligonucleotide samples were dissolved in 1 × buffer condition (10 mM sodium cacodylate, 150 mM NaCl and 10 mM MgCl 2 ). The samples were denatured by heating to 90 ˚C in water-bath followed by slowly cooling to room temperature and stored in fridge for overnight before they were transferred into the cuvettes. UV absorbance at 270 nm as a function of time was recorded while the temperature was increased linearly from 10 °C to 80 °C at a rate of 0.5 °C/min programmed by a Peltier temperature controller. Two separate melting curves were measured and T m values were calculated using UV-WinLab software, taking an average of the two melting curves with a deviation no more than 0.5 °C.
S6. Nuclease Resistance Assays 1
Oligonucleotide stability against snake venom phosphodiesterase I from Crotalus adamanteus (Pharmacia Biotech) was evaluated by incubating 3 μM of 5′-32 P-labeled oligonucleotide with 6.7 ng/μL phosphodiesterase I in 100 mM Tris-HCl (pH 8.0), 15 mM 
S7. Molecular modelling
The initial oligonucleotides were built and modified with LNA monomers in the B-type duplex conformation in the MacroModel V9.1 suite of programs. 2 The minimization was performed using the AMBER force field as implemented by MacroModel. 3 The global energy structure obtained was subjected to a 5 ns MD simulation (simulation temperature 300 K, time step 1.5 fs, SHAKE all bonds to hydrogen and the molecular dynamics setting) during which 250 individual structures were sampled. These sample structures were subsequently minimized to obtain a converged global minimum. The global minimum was used for analysis. The distances between protonated piperazino group and four neighbouring negative-charged phosphate backbone were monitored in the modelling process. Non-bonded interactions were treated with extended cut-offs (van der Waals 8.0 Å and electrostatics 20.0 Å). Resulting structure was further processed in the PyMOL Molecular Graphics System. Table S1 . Oligonucleotides used in duplex biophysical studies. Figure S1 : representative IE-HPLC trace and MAIDI-TOF mass spectra on ON3. . The experiments were carried out at pH 7.0 under the same condition in medium salt buffer (5.8 mM NaH 2 PO 4 /Na 2 HPO 4 buffer, containing 100 mM NaCl and 0.10 mM EDTA) or low salt buffer (6.7 mM NaH 2 PO 4 /Na 2 HPO 4 buffer, containing 0.10 mM EDTA) as in Figure S6 . Table S4 (X = T). The experiments were carried out at pH 7.0 under the same condition as in Table S4 . A) D2, DNA/DNA duplex; B) D4, DNA/RNA hybrid. Table S4 (X = 2'-amino-LNA-T or PipLNA-T). The experiments were carried out at pH 7.0 under the same condition as in Table S4 . A) D2, DNA/DNA duplex, X = 2'-amino-LNA-T; B) D4, DNA/RNA hybrid, X = 2'-amino-LNA-T; C) D2, DNA/DNA duplex, X = PipLNA-T; D) D4, DNA/RNA hybrid, X = PipLNA-T. 
